Introduction
In the atmosphere and ocean, due to the earth rotation and the spherical effect, a long lifehistory large-scale permanent wave is generated. This wave has the characteristics of organized consistency in structure, and this wave has the isolated characteristic of stable large amplitude, which is called Rossby solitary waves [1, 2] . The Rossby solitary waves are a special branch in the field of fluid solitary waves, which has important theoretical and practical significance especially in Marine atmospheric science [3] . Wadati and Redekopp got the result that the KdV equation and the modified KdV(mKdV) equation [4, 5] controlled the amplitude of the solitary waves respectively for the barotropic fluid and the stratified fluid. In addition, Meng et al., Song Jian et al., Yang et al. deduced another equation, namely Boussinesq equation [6, 7] . According to the different dimensions of propagation space, the equations which used to describe Rossby solitary waves are divided into one dimension (1D) [8] , two dimension (2D) [9] and three dimension (3D). For describing general theoretical and practical problems in the study of Rossby solitary waves, compared with lowdimensional models (mKdV and KP) [10, 11] and 3D models (ZK and S-KdV) [12] are more suitable, because the density of the fluids is depth or height dependent.
In recent years, the fractional partial differential equations (FPDEs) have attracted more and more attention (see [13] [14] ). The solitary waves propagation of the FPDEs have more research value compared with the integer order differential equation, especially high-dimensional FPDEs [15] . For exmaple, the FPDEs to describe solitary waves were investigated in [16] . However, the effects of dissipation and thermal forcing on the Rossby solitary waves on the basis of high-dimensional FPDEs Corresponding author; e-mail: hwyang1979@163.com have not been considered. The aim of the paper is to derive a forced 3D ZK-Burgers equation wthin the fractional derivatives, and analyze the excitation effect of the thermal forcing on the Rossby waves.
Derivation of forced 3D ZK-Burgers equation
The forced 3D ZK-Burgers equation from the quasi-geostrophic vortex equation including the thermal forcing and dissipation can be written as 
Suppose that the lower boundary exogenous and dissipation exists, we have 
where  is a small parameter which is much less than 1,  is called the detuning parameter that is used to compare the degree of proximity of the weakness to resonate state, and c represents the Rossby waves phase speed and can be taken as a constant.
Substituting eq.(3) into eq.(1) and introducing the nonlinear  plane for approximation,we get the disturbance stream function. If the apostrophe is omitted here for the convenience of writing, then we have
The lower boundary condition, lateral boundary condition and upper boundary are taken as
In order to make the non-linearity, dispersion, dissipation and thermal forcing balance, we introduce the time and space stretching transform as follows 3  1  1  1  3  3  2  2  2  2  2  2  0   , , , , , .
Assuming that the  has the followings 0 1
.
Substituting (6) and (7) into (4) and (5), and letting 0 
Derivation of forced 3D time fractional ZK-Burgers equation
In this section, to learn more the propagation feature of Rossby solitary waves, the semiinverse method and the fractional variational principle are applied to derive the 3D time fractional ZK equation.
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where t b D  is the right Riemann-Liouville fractional derivative [2] .
Integrating the right-hand side of the Eq.(19) using the fractional integration by parts rule, optimizing the variation of the function and 
In addition, ( , , , ) A x y z t is the Riesz fractional derivative [2] , e.g.,
The another form of the 3D time fractional ZK equation can be written as follows:
If the dissipation is presented, (23) may reduce to the 3D time fractional ZK-Burgers model as follows:
If the dissipation and thermal forcing are presented, (23) can lead to the forced 3D time fractional ZK-Burgers model as follows: We now introduce a fractional complex transformation 1 2 3 ( , , , ) ( ), ,
where 1 2 3 , , k k k and  are constants to be confirmed later, and get 
In order to balance the highest order and nonlinear term, we assume the solution form of Eq.(27) by a polynomial ( )
In this case, we get 
In this case, the spectral form of (35) can be given as follows: 
Conclusion
In our work, we had investigated a forced 3D ZK-Burgers equation containing the fractional derivatives for the first time. The soutions for the 3D time fractional ZK-Burgers equation and dissipation effect had analyzed and the excitation effect the thermal forcing for Rossby solitary waves was discussed. The reuslts are efficient for the description of the quasi-geostrophic potential vorticity equation with the dissipation and thermal forcing in stratified fluid.
Nomenclature
 -fractional order, [-] , , x y z -space coordinates, [m] q -thermal function, [  -3D Laplace operator, [-]  -stream function, [-] N -Brunt-Vaisala frequency, [1/ s ] 
